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(57) ABSTRACT

A method for natural ventilation of a vehicle interior
includes steps of: determiming, by a controller, formation of
an 1interior negative pressure in an interior space while
driving of a vehicle 1s maintained as an internal air mode,
determining, by the controller, an over-production of a
harmiul gas 1n an exhaust gas using an air-to-fuel ratio or an
Accelerator Position Scope (APS), in an air conditioning
system; regarding satisfaction of the formation of the inte-
rior negative pressure and satisfaction of the over-produc-
tion of the harmtul gas as an entry condition and mixing an
exterior air into the interior space so as to mitigate the
interior negative pressure 1n the internal air mode; and after
mixing the exterior air, regarding the non-satisfaction of the
over-production of the harmful gas as a cancellation condi-
tion and blocking the exterior air.
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METHOD FOR CONDITIONAL NATURAL
VENTILATION OF VEHICLE INTERIOR
AND VEHICLE THEREBY

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of priority to Korean

Patent Application No. 10-2017-0048549, filed on Apr. 14,
2017 1n the Korean Intellectual Property Oflice, the entirety
of which 1s incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to a method for blocking an
introduction of an exhaust gas into a vehicle interior, and
more particularly, to a method for a conditional natural
ventilation of vehicle interior capable of securing a passen-
ger safety from an introduction of CO, HC, NO_, and H,S
in an exhaust gas 1nto an interior and resolving side eflects
due to an introduction of an exterior air, thus enhancing an
interior comiort and resolving client’s dissatisfaction.

DESCRIPTION OF RELATED ART

Recently, a measurement of an exhaust gas generated in
an internal combustion engine of a vehicle requires blocking
of an ntroduction of the exhaust gas into an interior due to
a danger to a human body by CO, HC, NO_, NH,, H,S and
the like 1n addition to an emission regulation.

The reason 1s why a vehicle, which 1s driving at a high
speed (more than about 120 Kph), forms an interior negative
pressure due to a pressure diflerence between interior/
exterior of the vehicle by an acrodynamic property; and the
interior negative pressure introduces an exhaust gas, which
1s emitted to an exhaust system component ol the vehicle
while contaiming CO, HC, NO_, H,S and the like, together
with smell, mnto an interior and thus jeopardizes passenger
satety due to the presence of CO.

Accordingly, an example of the measurement of blocking
the introduction of the exhaust gas into the interior 1s a
method for natural ventilation of a vehicle interior. As one
example, the method for natural ventilation of the vehicle
interior switches from an interior air mode 1nto an exterior
air mode when a driving speed of the vehicle reaches a
certain speed (e.g., more than about 120 Kph) and a condi-
tion of forming the interior negative pressure establishes,
thus resolving the condition of forming the interior negative
pressure by introducing the exterior air.

As a result, the method for natural ventilation of the
vehicle interior may somewhat resolve a structural limitation
that does not fundamentally block the introduction of the
exhaust gas due to impossibility of a perfect airtightness not
to form the interior negative pressure 1n the vehicle interior
compared to a vehicle rear and a structural necessity such as
formation of an electroplate hole for drainage of the vehicle
rear.

However, the method for natural ventilation of the vehicle
interior controls an intake door of an air conditioning system
at more than a certain vehicle speed and resolves the
condition of forming the interior negative pressure, and thus
necessarily causes the following side effects.

Firstly, a frequent logic entry 1n a driving condition on the
road, which reaches a certain vehicle speed, becomes one
reason to cause client’s dissatisfaction. Secondly, an interior
comiort 1s reduced due to an itroduction of an exterior air
according to the frequent logic entry. Thirdly, a short-acting
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cooling 1s deteriorated due to a mixture of the exterior air of
a high temperature/humidity 1in the summer, and particularly,

a cold wind 1s mtroduced due to the mixture of the exterior
air below zero 1n the winter. Fourthly, an average compres-
sor duty of a cooling condition 1s increased due to the
increment in a frequency of the mixture of the exterior air in
the summer and thus causes deterioration of an air-to-fuel
ratio due to the increment 1n fuel consumption. Fifthly, the
logic entry 1s performed at a certain speed and thus may not
properly reflect the characteristics of a diesel engine and a
gasoline engine that the time or the degree of the harmitul gas
1s different.

SUMMARY

Other objects and advantages of the present disclosure can
be understood by the following description, and become
apparent with reference to the embodiments of the present
disclosure. Also, 1t 1s obvious to those skilled in the art to
which the present disclosure pertains that the objects and
advantages of the present disclosure can be realized by the
means as claimed and combinations thereof.

Accordingly, the object of the present disclosure consid-
ering the above points 1s to provide a method for a condi-
tional natural ventilation of a vehicle iterior and a vehicle
thereby capable of regarding an emission time of CO, HC,
NO_, NH;, and H,S as entry and cancellation conditions and
performing a logic linked with a vehicle speed at the time of
forming the iterior negative pressure, thus enhancing a
passenger safety by eflectively restraining the introduction
of CO, HC, NO,, NH;, and H,S ito an interior and
enhancing cost competitiveness by reducing or removing a
component additionally applied; particularly, resolving cli-
ent’s dissatisfaction due to a frequent logic entry causing
side eflects 1n a high speed driving, enhancing an interior
comiort, and improving an air-to-fuel ratio.

A method for a conditional natural ventilation of a vehicle
interior according to the present disclosure comprises steps
of: determiming, by a controller, formation of an interior
negative pressure in an interior space while drniving of a
vehicle 1s maintained as an internal air mode, determining,
by the controller, an over-production of a harmiful gas 1n an
exhaust gas using an air-to-fuel ratio or an Accelerator
Position Scope (APS), when an air conditioning system 1s 1n
operation; regarding satisfaction of the formation of the
interior negative pressure and satisfaction of the over-pro-
duction of the harmiful gas as an entry condition and mixing
an exterior air into the interior space so as to mitigate the
interior negative pressure 1n the internal air mode; and after
mixing the exterior air, regarding the non-satistaction of the
10 over-production of the harmful gas as a cancellation
condition and blocking the exterior atr.

As an exemplary embodiment, the exterior air 1s intro-
duced 1nto a door of the air conditioning system and the door
opens only a partial area of total opening area.

As an exemplary embodiment, the determining formation
of the nterior negative pressure regards a vehicle speed as
the condition of forming the interior negative pressure; the
vehicle speed 1s classified 1nto satisfaction and non-satisfac-
tion of the condition of forming the interior negative pres-
sure; and the vehicle speed upon satisfaction 1s set to be
higher than upon the non-satisfaction.

As an exemplary embodiment, the harmiul gas, which 1s
overly produced regarding each of the air-to-fuel ratio and
the APS as the condition of the over-production of the
harmiul gas, 1s CO; the air-to-fuel ratio and the APS are
classified into satisfaction and non-satisfaction of the con-
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dition of the over-production of the harmful gas; and the
air-to-fuel ratio upon the satisfaction 1s set to be lower than
upon the non-satisfaction and the APS upon the satisfaction

1s set to be higher than upon the non-satisfaction. The
blocking of the exterior air according to the non-satisfaction 3
of the condition of the over-production of the harmful gas 1s
time-delayed by a timer count after the non-satisfaction.

As an exemplary embodiment, the condition of the over-
production of the harmiul gas further comprises a catalyst
temperature, a cooling water temperature, an LNT front end 10
temperature, a DPF regeneration, an EGR Duty, and a SCR
front end temperature; the catalyst temperature or the cool-
ing water temperature regards HC as the overly produced
harmiul gas, the LNT front end temperature or the DPF
regeneration or the EGR Duty regards NO_ as the overly 15
produced harmful gas, and the SCR front end temperature
regards NH, as the overly produced harmiul gas.

As an exemplary embodiment, the catalyst temperature
and the cooling water temperature are classified 1nto satis-
faction and non-satisfaction of the condition of the over- 20
production of the harmitul gas; the catalyst temperature upon
the satisfaction 1s set to be lower than upon the non-
satisfaction and the cooling water temperature upon the
satisfaction 1s set to be lower than upon the non-satistaction;
and the blocking of the exterior air according to the non- 25
satisfaction of the condition of the over-production of the
harmiul gas performs without a time delay after the non-
satisfaction.

As an exemplary embodiment, the LNT front end tem-
perature, the DPF regeneration, and the EGR Duty are 30
classified into satisfaction and non-satisfaction of the con-
dition of the over-production of the harmiul gas; the LNT
front end temperature upon the satisfaction is set to be lower
than upon the non-satisfaction; the DPF regeneration upon
the satisfaction 1s set to be 1n operation while 1t 1s set to be 35
stopped upon non-satisfaction; and the EGR Duty upon the
satisfaction 1s set to be lower than upon the non-satistaction;
and the blocking of the exterior air according to the non-
satisfaction of the condition of the over-production of the
harmiul gas performs without a time delay after the non- 40
satisfaction.

As an exemplary embodiment, the SCR front end tem-
perature 1s classified into satisfaction and non-satisfaction of
the condition of the over-production of the harmiul gas, the
SCR front end temperature upon the satisfaction 1s set to be 45
higher than upon the non-satisfaction; and the blocking of
the exterior air according to the non-satisfaction of the
condition of the over-production of the harmiul gas per-
forms without a time delay after the non-satistaction.

As an exemplary embodiment, (a-1) before the formation 50
of the interior negative pressure and the determination of the
over-production of the harmiful gas in the exhaust gas,
checking, using an emission data of the exhaust gas, a TPS
and a vehicle speed together with an air-to-tuel ratio, an
APS, a catalyst temperature, a cooling water temperature, an 55
LNT front end temperature, a DPF regeneration, an EGR
Duty, and a SCR front end temperature; and (a-2) determin-
ing whether or not an operation status of the air conditioning
system 1s 1n the internal air mode are performed. The
air-to-fuel ratio, the APS, the catalyst temperature, the 60
cooling water temperature, the LNT front end temperature,
the DPF regeneration, the EGR Duty, and the SCR front end
temperature are classified as a production factor of the
harmiul gas.

And, a vehicle according to the present disclosure for 65
achieving the above object comprises a controller configured
to introduce an exterior air into an 1nterior space 1 a

4

condition of the formation of an interior negative pressure
and a condition of a production of a harmiul gas in an
exhaust gas, and mitigating the condition of the formation of
the interior negative pressure; an air conditioning system
configured to operate 1n an internal air mode or an exterior
air mode and configured to introduce exterior air into the
interior space by opening ol a door; and an exhaust line
flowing the exhaust gas generated in an engine with an EGR
gas supplied by the EGR and comprising a catalyst remov-
ing the harmiul gas and a post-processing device.

As an exemplary embodiment, the door introduces the
exterior air by a 3% of total opening area.

As an exemplary embodiment, the controller comprises
an EMS controlling the engine and an air conditioning
controller having a natural ventilation map with respect to an
opening area of the door and controlling the air conditioning
system and the door.

As an exemplary embodiment, the catalystis a WCC or an
UCC and the post-processing device 1s configured as an
LNT, a DPFE, and a SCR.

The vehicle according to the present disclosure performs
a logic of natural ventilation of the vehicle interior linked to
conditions of entry and cancellation in addition to a speed
sensitivity, thus achieving the following advantages and
cllects.

Firstly, 1n an eflfect aspect of reducing an introduction of
an exhaust gas, 1t 1s possible to eflectively restrain an
introduction of CO, HC, NOx, NH3, and H,S 1n the exhaust
gas 1nto the interior, thus enhancing a passenger safety from
CO.

Secondly, 1n an aspect of an engine property, 1t 1s possible
to perform the introduction of the exterior air at the exact
emission time of CO, HC NOx, NH3, and H,S, thus opti-
mizing blocking of the introduction of the exhaust gas with
respect to the gasoline engine and the diesel engine that the
emission time and degree of the harmiul gas are different.

Thirdly, 1n an aspect of improving an air conditioning,
comifort, 1t 1s possible to reduce a frequency of introducing
the exterior air for preventing the formation of the interior
negative pressure according to a high speed driving and to
reduce side eflects due to a mixture of the exterior air of a
high temperature/humidity 1n the summer and an ntroduc-
tion of the external cold air 1n the winter, thus 1mproving
comiort of an interior air-conditioning and resolving client’s
dissatisfaction.

Fourthly, 1n an aspect of improving an air conditioning
energy consumption, 1t 1s possible to prevent the increment
in the average compressor duty of a cooling condition by
reducing a frequency of the mixture of the exterior air, thus
improving an air-to-fuel ratio by the reduction of a fuel
consumption; and particularly, not to perform the logic entry
in a severe driving condition, such as rain, on the road, thus
maintaining an air conditioning energy consumption of
substantially the same condition as that of not applying the
logic.

Fifthly, 1n an aspect of a vehicle design, 1t 1s possible to
obtain watertightness and satisiy blocking of the introduc-
tion of the exhaust gas using an electroplating hole plug and
the logic of a mixture of a partial exterior air, thus easily
applying even in the conflict condition of the vehicle; and
particularly, to improve deterioration of the introduction of
the exhaust gas due to degradation of a rubber such as a
weather strip and the like, thus developing robustness of the
introduction of the exhaust gas and improving durability.

Sixthly, 1n a cost aspect, 1t 1s possible to remove a plurality
of electroplating hole drain plug, which 1s structurally
applied 1 a top-down exhaust system component-applied
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vehicle or the vehicle with an exhaust gas less then 1 ppm
introduced, by applying an exterior air-introduced logic,
thus achieving cost savings of the vehicle that the probabil-
ity of the introduction of the exhaust gas 1s low.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 and 2 are a flowchart 1llustrating a method for a
conditional, vehicle speed sensitive natural ventilation of a
vehicle interior according to an exemplary embodiment of
the present disclosure.

FIG. 3 1s a view 1llustrating one embodiment of a vehicle
performing the conditional, vehicle speed sensitive natural
ventilation of the vehicle interior according to an exemplary
embodiment of the present disclosure.

FIG. 4 1s a view 1illustrating a logic of determining an
entry condition for blocking of a harmitul gas according to an
exemplary embodiment of the present disclosure.

FIG. 5 1s a view 1llustrating a logic of determining a
cancellation condition for blocking of a harmtul gas accord-
ing to an exemplary embodiment of the present disclosure.

FIG. 6 1s a diagram illustrating a measurement of the
exhaust gas 1n the vehicle interior performing the method for
the conditional, vehicle speed sensitive natural ventilation of
the vehicle interior according to an exemplary embodiment
of the present disclosure.

DESCRIPTION OF SPECIFIC EMBODIMENTS

Reference should be made to the accompanying drawings
that illustrate preferred embodiments of the present disclo-
sure, and to the description 1n the accompanying drawings 1n
order to fully understand the present disclosure, operational
advantages of the present disclosure, and objects attained by
practicing the present disclosure.

Referring to FIGS. 1 and 2, a method for natural venti-
lation of a vehicle interior comprises a gas generation mode
S10~5S40 determining an internal air mode of an air condi-
tioming system while driving a vehicle that an exhaust gas
containing harmiul materials of CO, HC, NO_, NH;, and
H,S 1s generated; an excessive gas mode S50~S54 perform-
ing natural ventilation by an introduction of an external air
without cancelling the internal air mode only when an
over-production condition of the harmiul matenial of the
exhaust gas 1s satisfied, while driving the vehicle that
generates an 1nterior negative pressure; a normal gas mode
S60~S64 stopping natural ventilation by blocking an exte-
rior air when the vehicle during natural ventilation 1s decel-
crated and the over-production condition of the harmiul
material 1s cancelled. As a result, the method for natural
ventilation of the vehicle interior 1s performed as a condi-
tional, vehicle speed sensitive type, thus resolving side
cllects resulting from a frequent introduction of the exterior
air for blocking the introduction of CO, HC, NO_, NH;, and
H,S at a high speed driving. Particularly, it 1s possible to
apply a priority for removal of CO concentration in the
vehicle interior when introducing the exterior air in the
excessive gas mode, thus enhancing a passenger safety from
the CO.

Referring to FIG. 3, the vehicle 1 forms an interior space
1-1 between an engine room and a trunk room 1-2; an
exhaust line 4, which emits an exhaust gas of an engine 2 to
the air, 1s arranged along the bottom of the vehicle body
extended from the engine room to the trunk room 1-2; a
catalyst 5 puritying and removing CO, HC, NO_, NH;, and
H.S formed as an Emission Material (EM) and Particulate
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6

Matters (PM) of the exhaust gas and a post-processing
device 6 1s configured 1n the exhaust line 4.

As one example, the engine room comprises an air
conditioning system 7 consisting of the engine 2, an Exhaust
Gas Recirculation (EGR) 3, and an exterior air door 7-1
opening and closing toward the interior space 1-1; the
interior space 1-1 forms front/rear seats and a passenger
seat; and the trunk room 1-2 forms an empty space that may
be opened and closed by a trunk lid.

As one example, the catalyst 5 removes an EM of the
exhaust gas and applies a Warm up Catalytic Converter
(WCC) or an Under floor Catalytic Converter (UCC)
thereto. The post-processing device 6 comprises an Lean
NO_ Trap (LNT) 6-1 absorbing or occluding NO_ of the
exhaust gas by a noble metal coating of Ba or K; a Diesel
Particulate Filter (DPF) 6-2 burning soot collected inside
and removing a PM of the exhaust gas; and a Selective
Catalytic Reduction (SCR) 6-3 removing NOx and NH3 of
the exhaust gas through a reducing process. In a layout, the
catalyst 5, the DPF 6-2, and the SCR 6-3 are arranged
toward a rear side of the vehicle 1 along the exhaust line 4
with the LNT 6-1 positioned at a rear end of an exhaust
mamifold of the engine 2; and detection of an operation
status 1s performed together with a temperature sensor for
detecting each temperature.

As one example, the EGR 3 emits an EGR gas to an intake
mamifold of the engine 2 using the emitted exhaust gas; the
air-conditioning system 7 performs opening/closing of the
door 7-1 by a motor or an actuator controlled by the
controller 10, thus performing air-conditioming for the inte-
rior space 1-1; and may be a Heater Ventilated Air Condi-
tioning (HVAC) having a heater function.

As one example, the controller 10 comprises an Engine
Management System (EMS) 20; an air-conditioning con-
troller 30; and a natural ventilation map 30-1; and a Con-
troller Area Network or a Control Area Network (CAN)
communication 1s performed therebetween.

The EMS 20 regards a value of each control element
according to an operation of the engines 2 and a production
of the exhaust gas as an input data and determines formation
ol an mterior negative pressure 1n the interior space 1-1; and
transmits an instruction of the introduction of the exterior air
to the air-conditioning controller 30 by a CAN signal so as
to block the formation of the interior negative pressure. In
this case, the mput data comprises a Key ON/OFF signal
which indicates operation/stop of the engine 2; an EGR Duty
of the EGR 3 with respect to the EGR gas supply of the
engine 2; an Accelerator Position Scope (APS) with respect
to a pressure amount ol an acceleration pedal; a Throttle
Position Scope (TPS) with respect to the opening amount of
a throttle valve; a vehicle speed of the vehicle 1; an
air-to-fuel ratio of the engine 2 measured by an oxygen
sensor; a cooling water temperature 1; a catalyst temperature
of the catalyst 3, an LNT front end temperature of the LNT
6-1, and a SCR front end temperature of the SCR 6-3 that the
exhaust gas passes through; a DPF regeneration operation of
the DPF 6-2; a gas concentration of the exhaust gas detected
by a sensor and the like.

The air conditioning controller 30 controls the air condi-
tioning system 7 using the internal air mode and the exterior
air mode together with the ON/OFF operation of the door
7-1; and particularly, controls an area of a partial introduc-
tion of the exterior air of the door 7-1 using a door DUTY
output according to an instruction of the introduction of the
exterior air of the controller 10. In this case, the area of the
partial introduction of the exterior air 1s set as about 2~5%
regarding total opening area as 100%. The natural ventila-
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tion map 30-1 comprises a plurality of diagrams that the
door DUTY output value according to an opening area of the
door 7-1 1s matched; and provides the value upon request by
the CAN signal of the air conditioning system 7. Particu-
larly, the air conditioning controller 30 and the natural
ventilation map 30-1 are integrally configured.

Hereinafter, the method of natural ventilation of the
vehicle interior will be described 1n detail with reference to
FIGS. 3 to 6. In this case, a control body comprises the EMS
20, the air conditioning controller 30, and the natural ven-
tilation map 30-1 which performs a CAN communication
and constitutes the controller 10 and 1s generally called a
controller 10. A control target 1s the door 7-1 controlled by
a motor or an actuator of the air conditioning system 7.

A control of the natural ventilation of the vehicle interior
in the controller 10 1s performed by the gas production
mode, the excessive gas mode, and the normal gas mode.

First, the gas production mode of the controller 10 com-
prises checking an emission data of an exhaust gas accord-
ing to an operation of the engine S10; classiiying a produc-
tion factor of a harmiul material S20; checking an operation
mode of the air conditioning system S30; and determiming,
an internal air mode S40; and production of the exhaust gas
of the driving vehicle and an operation status of the internal
air mode of the air conditioning system are confirmed from
the gas production mode.

Referring to FIG. 3, the EMS 20 checks, by the emission
data of the exhaust gas according to the operation of the
engine 1n the S10, a vehicle speed, an air-to-fuel ratio, a
cooling water temperature, an EGR Duty, an APS, a TPS, a
vehicle speed of the vehicle 1, a gas concentration, a catalyst
temperature, an LNT front end temperature, a DPF regen-
eration, a SCR {front end temperature and the like; and
classiiying, by the production factor of the harmiul material
in the S20, an air-to-fuel ratio, an APS, a catalyst tempera-
ture, a cooling water temperature, an LNT front end tem-
perature, a DPF regeneration, an EGR Duty, and a SCR front
end temperature. As one example, the classitying of the
production factor of the harmful material 1s classified into a
CO factor using the air-to-fuel ratio and the APS S21; a HC
factor using the catalyst temperature and the cooling water
temperature S22; a NO_ factor using the LNT front end
temperature, the DPF regeneration, and the EGR Duty S23;
and a NH3 factor using the SCR front end temperature S24.
And, the EMS 20 checks, in the S30, the operation mode of
the air conditioning system 7 by the air conditioning con-
troller 30 and the CAN communication; and determines
whether or not the operation mode 1s 1n an internal air mode.
As a result, the EMS 20 feedbacks to the S10 when the air
conditioning system 7 1s not in the internal air mode and
repeats the same step, while 1t enters 1nto the excessive gas
mode when 1t 1s 1n the mternal air mode.

Next, the excessive gas mode of the controller 10 com-
prises determining an entry condition of blocking the harm-
ful gas S350; determining a threshold vehicle speed S51;
determining satisfaction of the condition of the over-pro-
duction of CO S52 followed by opening an exterior air door
against CO S352-1; determining satisfaction of the conditions
of the over-production of HC, NO_, and NH; S53, respec-
tively followed by determiming opening of an exterior air
door against others S53-1; and opening the door S54; and
natural ventilation 1s performed, from the excessive gas
mode, through an introduction of the exterior air without
cancelling the internal air mode after determining formation
of the interior negative pressure and satisfaction of the
condition of the over-production of the harmiful material
according to the vehicle driving.
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Particularly, the controller 10 preferentially performs
blocking of CO rather than blocking of HC, NO_, and NH,;
if only CO 1s considered as necessary, the determination of
the entry condition of blocking the harmiul gas S50 may be
simplified as the S51, S52, the S52-1, and S54. The possi-
bility of changing the logic serves convenience that makes
a difference of the production amount of the harmful mate-
rial easily reflected according to a vehicle model.

Referring to FIG. 3, the EMS 20 determines, in the S31,
whether or not the driving of the vehicle 1 1s a condition that
may form an interior negative pressure 1n the interior space
1-1. As one example, the condition of forming the interior
negative pressure applies a vehicle speed defined as a
threshold vehicle speed and 1s set as the following equation.

Condition of forming the interior negative pressure:
vehicle speed=V _, kph

Herein, the “vehicle speed” indicates a threshold vehicle
speed detected according to the driving of the vehicle 1; the
“V,, applies about 120 Kph considering an aerodynamic
aspect as the vehicle speed of forming the interior negative
pressure, but it 1s possible to apply a predetermined value
considering use of the vehicle 1 and density of the interior
space 1-1. The “z” indicates a sign of mequality represent-
ing magnitudes of two values and the “vehicle speed=V _,
kph™ indicates a value greater than the vehicle speed V_, that
1s set as the detected vehicle speed.

As a result, the EMS 20 feedbacks to the S10 when the
threshold vehicle speed, which 1s detected 1n the vehicle 1
while now driving, 1s less than 120 Kph(V ) and repeats the
same step, while 1t performs the determination of the satis-
faction of the condition of the over-production of CO S52
when the threshold vehicle speed 1s more than 120 Kph
V,.)

Referring to FIG. 4, the EMS 20 applies, 1n the S52, an
air-to-fuel ratio and an APS as a CO {factor and performs the
determination of the air-to-fuel ratio S521 and the determi-
nation of the APS S522, respectively. Accordingly, the
determination of the entry condition of the CO factor 1s set
as the following equation.

Equation of the entry condition of the CO {factor

Air-to-fuel ratio condition: air-to-fuel ratio<a, APS
condition: APS=h %

Herein, the “air-to-fuel ratio” indicates an entry-detected
air-to-fuel ratio; the “APS” indicates depression of an entry-
detected acceleration pedal; the “b” applies about 80% as an
entry-predetermined APS; the “<” indicates a sign of

inequality representing magnitudes of two values and the
“air-to-fuel ratio <1.0” means that the detected air-to-tuel
ratio 1s less than 1.

As a result, the EMS 20 determining as satistaction of the
condition of the over-production of CO such as S523 when
the entry-detected air-to-fuel ratio 1s less than 1.0 or the
entry-detected APS 1s more than 80%; and enters into the
opening of the exterior air door against CO S52-1 controlled
by the air conditioning controller 30 when the condition of
the over-production condition of the CO 1s satisfied, while 1t
switches into the determination of the satisfaction of the
condition of the over-production with respect to each of HC,
NO_, and NH; S53 by the EMS 20 when the condition of the
over-production condition of the CO 1s not satisfied.

Further, the EMS 20 applies, in the S53, the catalyst
temperature and the cooling water temperature as a HC
factor; the LNT {front end temperature, the DPF regenera-
tion, and the EGR Duty as a NO_ factor; and the SCR front
end temperature as a NH; factor, respectively; and performs
determination of the catalyst temperature S331; determina-




US 10,889,160 B2

9

tion of the cooling water temperature S532; determination of
the LNT front end temperature S534, determination of the
DPF regeneration S535, and determination of the EGR Duty
S5536; and determination of the SCR front end temperature
S538, respectively. Accordingly, the determination of the
entry condition of the HC factor, the NOx factor, and the
NH3 factor, respectively, 1s set as the following equation.
Equation of the entry condition of the HC factor

Catalyst temperature condition: catalyst
temperature<c, cooling water temperature con-
dition: cooling water temperature<d

Equation of the entry condition of the NOx factor

LNT front end temperature condition: LNT front end
temperature<e

DPF regeneration condition: DPF regeneration=0ON
(regeneration operation)

EGR Duty condition: EGR Duty=f

Equation of the entry condition of the NH3 factor

SCR front end temperature condition: SCR front end
temperature=g

Herein, the “catalyst temperature” indicates an entry-
detected temperature of the catalyst 5; the “c” applies about
150° C. as an entry-predetermined catalyst temperature; the
“cooling water temperature” indicates an entry-detected
engine cooling water temperature of the engine 2; the “d”
applies about 70° C. as a predetermined engine cooling
water temperature; the “LNT front end temperature™ 1ndi-
cates an entry-detected temperature of LNT 6-1; the “¢”
applies about 160° C. as an entry-predetermined temperature
of LNT 6-1; and the “DPF regeneration” applies, as “during
regeneration,” an ON signal as an operation status of DPF
6-2; the “EGR Duty indicates an entry-detected EGR Duty
of the EGR 3; the “I”” applies 0% as an entry-predetermined
EGR Duty; the “SCR {front end temperature” indicates an
entry-detected SCR front end temperature of SCR 6-3; and
the “e” applies about 300° C. as an entry-predetermined
temperature.

As a result, the EMS 20 determines as the satisfaction of
the condition of the over-production of HC such as S533
when the entry-detected catalyst temperature 1s less than
150° C. or the entry-detected cooling water temperature 1s
less than 70° C.; determines as the satisfaction of the
condition of the over-production of NOx such as S537 when
the entry-detected LNT front end temperature 1s less than
160° C., the DPF regeneration 1s 1n operation, or the EGR
Duty 1s 0%; and determines as the satisfaction of the
condition of the over-production of NH; such as S539 when
the entry-detected SCR front end temperature 1s more than
300° C. Next, the EMS 20 enters into the opening of the
exterior air door against others S53-1 controlled by the air

conditioning controller 30 with respect to each of the
conditions of the over-production of HC, NO_, and NH,. On
the other hand, the EMS 20 feedbacks to the S10 with
respect to each of the satisfaction of the condition of the
over-production of CO, the satistaction of the condition of
the over-production of HC, the satisfaction of the condition
of the over-production of NOx and the non-satisfaction of
the condition of the over-production of NH3 and repeats the
same step by the EMS 20.

Then, the air conditioning controller 30 1s associated with
the EMS 20; enters into the opening of the exterior air door
against Co S52-1 or the opening of the exterior air door

against others S53-1; and controls the door such as S34. For
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one example, the door control applies the following equation
with respect to the door opening area.
Equation of the door control

%o

QR dred

Opening area of the door=D

Herein, the “opening area of the door” indicates a detected
opening area of the door in the door 7-1; the D, . c.
applies about 3% of 100% of an opening area of the deer 7-1
as a predetermined opening area of the door.

Referring to FIG. 3, the EMS 20 transmits an mstruction
of the introduction of the exterior air to the air conditioning
controller 30 by a CAN signal and makes the air condition-
ing controller 30 as an operation status; and the air condi-
tioning controller 30 matches an output value of the door
DUTY identical to the istruction of the introduction of the
exterior air in the natural ventilation map 30-1 and outputs
to the door 7-1 of the air conditioning system 7. Then, the
air conditioning controller 30 controls an opening operation
of the door 7-1 such as the S54-1 until the door 7-1 reaches
a 3% being the predetermined opening area of the door in the
S54.

As a result, the interior space 1-1 of the vehicle 1 does not
form an interior negative pressure by a mixture of an exterior
air and thus CO, HC, NO_, and NH, may be not introduced
under a dniving condition of the vehicle 1 that overly
produces CO, HC, NO_, and NH,, thus not threatening a
passenger safety.

Then, the normal gas mode of the controller 10 comprises
determining a cancellation condition of blocking of the
harmiul gas S60; determining a vehicle speed under thresh-
old S61; determining satisfaction of the cancellation condi-
tion of the over-production of CO S62 followed by a time
delay S62-1; determining satisfaction of the cancellation
condition of the over-production with respect to each of HC,
NO_, and NH, S63; and closing the door S64; and the
internal air mode blocking a mixture of an exterior air 1s
maintained from the normal gas mode without worrying
formation of the internal negative pressure in a vehicle
driving.

Particularly, the controller 10 divides mto CO and HC,
NO_, NH; and performs the blocking of the exterior air
together, and thus 11 considering only the CO as needed, may
simplily the determination of the cancellation condition of
the blocking of the harmful gas S60 into the S61, the S62,
the S62-1, and the S64. The possibility of changing the logic
serves convenience that makes the production amount of the
harmiul gas easily reflected according to a vehicle model.

Referring to FIG. 3, 1in the S61, the EMS 20 determines
whether or not the driving of the vehicle 1 1s a condition not
to form an internal negative pressure in the interior space
1-1. As one example, the condition not to form the interior
negative pressure applies a vehicle speed defined as a
vehicle speed below threshold and is set as the following
equation.

Cancellation condition of the interior negative pres-
sure: vehicle speed<V___Kph

Stop

Herein, the ““vehicle speed” indicates a vehicle speed
below threshold which 1s detected according to the driving
of the vehicle 1; the “V_, * applies about 110 Kph consid-
ering an acrodynamic aspect as a vehicle speed not to form
the interior negative pressure, but it 1s possible to apply a
predetermined value considering a specification of the
vehicle 1 and density of the interior space 1-1 together. The

<" indicates a sign of 1nequality representing magnitudes of
two values; and the “vehicle speed<V_,_ " means that the

Stop

detected vehicle speed 1s less than the predetermined vehicle
speed V

sStop*
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As a result, the EMS 20 switches into the closing of the
door S64 controlled by the air conditioning controller 30
when the detected vehicle speed below threshold of the
driving vehicle 1 1s less than 110 Kph (V).

The closing of the door S64 immediately switches the
door 7-1 to OFF by the air conditioning controller 30, which
receives a closing instruction of the door according to a
signal of the satisfaction of the cancellation condition of the
over-production of CO 1 the EMS 20 by the CAN signal,
thus stopping a mixture of an exterior air with respect to the
interior space 1-1.

On the other hand, the EMS 20 goes to the determining
the satistaction of the cancellation condition of the over-
production of CO S62 when the detected vehicle speed
below threshold of the driving vehicle 1 1s greater than 110

Kph (V-

Referring to FIG. 5, the EMS 20 applies an air-to-fuel
ratio and an APS as the CO factor in the S62 and performs
the determination of the air-to-fuel ratio S611 and the
determination of the APS S612, respectively. Accordingly,
the determination of the cancellation condition of the CO
factor 1s set as the following equation.

Equation of the cancellation condition of the CO {factor

Air-to-fuel ratio condition: air-to-fuel ratio aa, APS
condition: APS<bbH %

Herein, the “air-to-fuel ratio” indicates a detected air-to-
tuel ratio; the “aa” applies 1.0 as a predetermined air-to-tuel
ratio; the “APS” indicates a detected depression of the
acceleration pedal; and the “bb” applies about 70% as a
predetermined APS.

As a result, the EMS 20 determines the satisfaction of the
cancellation condition of the over-production of CO when
the air-to-fuel ratio 1s more than 1.0 or the APS 1s less than
70% and then switches into the closing of the door S64 after
the time delay S62-1 controlled by the air conditioming,
controller 30.

In the time delay S62-1, the following equation using a
timer 1s applied.

Timer operation condition

Time delay=1,,,,, sec

Herein, the “time delay” indicates the number of a mea-
suring timer; the “1,,,,~ applies about 5 second as the
predetermined number of a timer, but 1t 1s possible to apply
a predetermined value considering the specification of the
vehicle 1 and density of the interior space 1-1 together.

As a result, the air conditioning controller 30 maintains a
door-opened status for 5 second at the time that receives the
closing instruction of the door by a CAN signal according to
a signal of the satistaction of the cancellation condition of
the over-production of CO in the EMS 20.

The closing of the door S64 switches the door 7-1 nto
OFF by the air conditioning controller 30 at the time
reaching 5 second and stops a mixture of an exterior air with
respect to the interior space 1-1.

Further, the EMS 20 applies, in the S63, the catalyst
temperature and the cooling water temperature as a HC
tactor; the LNT front end temperature, the DPF regenera-
tion, and EGR Duty as a NOx factor; and the SCR front end
temperature as a NH3 factor, respectively; determines a
cancellation condition with respect to each of them and
teedbacks to the S61 while maintaining the opening of the
door such as the S63-1 when the cancellation condition 1s
not satisfied; and continues to determine a vehicle speed
condition.

Referring to FIG. 5, 1n the EMS 20, the cancellation

condition of the HC factor applies the determining the
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catalyst temperature S631, the determination of the cooling
water temperature S632, and the cancellation condition of
the NO, factor applies the determination of the LNT front
end temperature S634, the determination of the DPF regen-
cration S635, and the determination of the EGR Duty 5636;
and the cancellation condition of the NH; factor applies the
determination of the SCR front end temperature S638,
respectively. Accordingly, the cancellation conditions of the
HC factor, the NO,_ factor, and the NH, factor are set as the
following equation, respectively.

Equation of the cancellation condition of the HC factor

Catalyst temperature condition: catalyst tempera-
ture=cc, cooling water temperature condition:
cooling water temperature=dd

Equation of the entry determination of the NOx factor

LNT front end temperature condition: LNT front end
temperature=ee

DPF regeneration condition: DPF regeneration=OFF
(regeneration stop)

EGR Duty condition: EGR Duty=f

Equation of the entry determination of the NH3 factor

SCR front end temperature condition: SCR front end
temperature=gg

Herein, the “catalyst temperature” indicates a cancella-
tion-detected temperature of the catalyst 5; the “cc” applies
about 160° C. as a cancellation-predetermined catalyst tem-
perature; the “cooling water temperature” indicates a can-
cellation-detected engine cooling water temperature of the
engine 2; the “dd” applies about 75° C. as a cancellation-
predetermined engine cooling water temperature; the “LNT
front end temperature” indicates a cancellation-detected
temperature of the LNT 6-1; the “e” applies about 170° C.
as a cancellation-predetermined temperature of the LNT 6-1;
the “DPF regeneration™ applies, as regeneration stop, an
OFF signal as an operation status of the DPF 6-2; the “EGR
Duty” indicates a cancellation-detected EGR Duty of the
EGR 3; the “fI”” applies 1% as a cancellation-predetermined
EGR Duty; the “SCR front end temperature” indicates a
cancellation-detected SCR front end temperature of the SCR
6-3; and the “gg” applies about 290° C. as a cancellation-
predetermined temperature.

As a result, the EMS 20 determines as satisfaction of the
cancellation condition of the over-production of HC when
the cancellation-catalyst temperature 1s more than 160° C. or
the cancellation-cooling water temperature 1s more than 70°
C.; determines as satisfaction of the cancellation condition
of the over-production of NOx when the cancellation-LNT
front end temperature 1s more than 170° C., the DPF
regeneration 1s 1 a stop status, or the cancellation-EGR
Duty 1s 1%; and determines as satisfaction of the cancella-
tion condition of the over-production of NH3 such as the
S539 when the cancellation-SCR front end temperature 1s
less than 290° C. Next, the EMS 20 switches to the closing
ol the door S64 controlled by the air conditioning controller
30 with respect to each of the cancellation conditions of the
over-production of HC, NOx, and NH3.

The closing of the door S64 immediately switches the
door 7-1 to OFF by the air conditioning controller 30, which
receives a closing instruction of the door according to the
signal of the satisfaction of the cancellation condition of the
over-production of CO 1n the EMS 20 by the CAN signal,
thus stopping a mixture of the exterior air with respect to the
interior space 1-1.
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Then, the controller 10 continuously performs the logic of
the natural ventilation of the vehicle iterior until the engine
stops S70, and 1s reset as an 1nitial status when the engine
Stops.
Meanwhile, FIG. 6 1s a diagram 1illustrating the measured
exhaust gas of the interior space 1-1 and the trunk room 1-2
when the door 7-1 of the air conditioning system 7 opens a
3% when the 4-door vehicle 1 1s driving at a high speed of
120 Kph; an air-to-fuel ratio 1s less than 1.0 or an APS 1s
more than 80%:; or a catalyst temperature 1s less than 150°
C. and a cooling water temperature 1s less than 70° C.; or an
LNT {front end temperature 1s less than 160° C., DPF
regeneration 1s in operation, or an EGR Duty 1s 0%; or a
SCR front end temperature 1s more than 300° C.
As shown, 1t 1s experimentally proved that although the
vehicle 1 1s dniving 1n the conditions of the over-production
of CO, HC, NO_, and NH,, concentrations of CO, HC, NO_,
and NH, of the iterior space 1-1 and the trunk room 1-2 are
maintained to be less than about 5 ppm.
As described the above, the method for natural ventilation
of the vehicle interior of the vehicle according to the present
disclosure introduces an exterior air into the interior space
1-1 in an internal air mode and blocks the formation of the
interior negative pressure 1f the controller 10, which con-
firms the internal air mode of the air conditioning system 7,
determines a driving speed of the vehicle 1 reaching 120
Kph as a condition of forming the interior negative pressure
in the interior space 1-1 and then confirms the condition of
the over-production of the harmiul gas in the exhaust gas,
thus preventing the overly produced harmful gas from being
introduced from the trunk room 1-2 into the interior space
1-1; and if the driving speed of the vehicle 1 1s reduced to
110 Kph or the condition of the over-production of the
harmiul gas 1s not confirmed, the introduction of the exterior
air 1nto the interior space 1-1 1s stopped. As a result, even
when driving at a high speed of about 120 Kph, the vehicle
1 restrains the interior itroduction of CO, HC, NO,_, NH,,
and H,S eflectively, and also resolves side eflects due to the
frequent introduction of the exterior air, thus enhancing a
passenger safety, resolving client’s dissatisfaction, enhanc-
ing an interior comifort, and improving an air-to-fuel ratio;
and particularly, 1t 1s possible to reduce or remove a com-
ponent additionally applied, thus enhancing cost savings as
well.
What 1s claimed 1s:
1. A method for natural ventilation of a vehicle interior,
comprising steps of:
determining, by a controller, formation of an interior
negative pressure 1n an interior space while driving of
a vehicle 1s maintained as an internal air mode,

determining, by the controller, an over-production of a
harmiul gas 1n an exhaust gas using an air-to-fuel ratio
or an Accelerator Position Scope (APS), when an air
conditioning system 1s 1n operation;

mixing an exterior air ito the interior space so as to

mitigate the interior negative pressure 1in the internal air
mode; and

after mixing the exterior air, determining an elimination

of the over-production of the harmiul gas and blocking
the exterior atir,

wherein before the step of determining the formation of

the mterior negative pressure and the determination of
the over-production of the harmiul gas in the exhaust
gas, checking a Throttle Position Scope (IPS) and a
vehicle speed together with an air-to-fuel ratio, an
Accelerator Position Scope (APS), a catalyst tempera-
ture, a cooling water temperature, an LNT front end

5

10

15

20

25

30

35

40

45

50

55

60

65

14

temperature, a DPF regeneration, an EGR Duty, and a
SCR front end temperature using an emission data of
the exhaust gas; and determining whether an operation
status of the air conditioning system 1s in the internal air
mode.

2. The method for natural ventilation of the vehicle
interior of claim 1, wherein the exterior air 1s introduced 1nto
a door of the air conditioning system.

3. The method for natural ventilation of the vehicle
interior of claim 2, wherein the door opens only a partial area
of total opening area.

4. The method for natural ventilation of the vehicle
interior of claim 1, wherein the step of determining the
formation of the interior negative pressure regards the
vehicle speed as a condition of forming the interior negative
pressure.

5. The method for natural ventilation of the vehicle
interior of claim 4, wherein the vehicle speed i1s classified
into the condition of forming the interior negative pressure,
and

the vehicle speed upon forming the interior negative

pressure 1s set to be higher than upon not forming the
interior negative pressure.

6. The method for natural ventilation of the vehicle
interior of claim 1, wherein the harmiful gas 1s CO.

7. The method for natural ventilation of the vehicle
interior of claim 6, wherein the air-to-fuel ratio and the APS
are classified 1nto the condition of the over-production of the
harmiul gas,

the air-to-fuel ratio upon the over-production of the harm-

ful gas 1s set to be lower than upon the elimination of
the over-production of the harmful gas, and

the APS upon the over-production of the harmitul gas 1s set

to be higher than upon the elimination of the over-
production of the harmiul gas.

8. The method for natural ventilation of the vehicle
interior of claim 6, wherein the blocking of the exterior air
1s time-delayed after the elimination of the over-production
of the harmiful gas.

9. The method for natural ventilation of the vehicle
interior of claim 8, wherein the time delay 1s a timer count.

10. The method for natural ventilation of the vehicle
interior of claim 1, wherein a condition of the over-produc-
tion of the harmiul gas further comprises any one of a
catalyst temperature, a cooling water temperature, an Lean
NOx Trap (LNT) front end temperature, a Diesel Particulate
Filter (DPF) regeneration, an Exhaust Gas Recirculation
(EGR) Duty, and a Selective Catalytic Reduction (SCR)
front end temperature, and

the catalyst temperature or the cooling water temperature

regards HC as an overly produced harmiful gas, the
LNT front end temperature or the DPF regeneration or
the EGR Duty regards NOx as the overly produced
harmiul gas, and the SCR {front end temperature
regards NH3 as the overly produced harmiul gas.

11. The method for natural ventilation of the vehicle
interior of claim 10, wherein the catalyst temperature and the
cooling water temperature are classified into the condition of
the over-production of the harmiul gas,

the catalyst temperature upon the over-production of the

harmiul gas is set to be lower than upon the elimination
of the over-production of the harmful gas; and the
cooling water temperature upon the over-production of
the harmful gas 1s set to be lower than upon the
climination of the over-production of the harmitul gas,
and
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the blocking of the exterior air performs without a time
delay after the elimination of the over-production of the
harmiul gas.

12. The method for natural ventilation of the vehicle
interior of claim 10, wherein the LN'T front end temperature,
the DPF regeneration, and the EGR Duty are classified into
the condition of the over-production of the harmiul gas,

the LNT front end temperature upon the over-production

of the harmiul gas 1s set to be lower than upon the
elimination of the over-production of the harmful gas;
the DPF regeneration upon the over-production of the
harmiul gas 1s set to be 1n operation while it 1s set to be
stopped upon the elimination of the over-production of
the harmiul gas; and the EGR Duty upon the over-
production of the harmiul gas 1s set to be lower than
upon the elimination of the over-production of the
harmiul gas, and

the blocking of the exterior air performs without a time

delay after the elimination of the over-production of the
harmiul gas.

13. The method for natural ventilation of the vehicle
interior of claim 12, wherein the EGR Duty regards 0% as
the satisfaction.

14. The method for natural ventilation of the vehicle
interior of claim 10, wherein the SCR front end temperature
1s classified 1nto the condition of the over-production of the
harmiul gas,

the SCR front end temperature upon the over-production

of the harmful gas i1s set to be higher than upon the
climination of the over-production of the harmiul gas;
and

the blocking of the exterior air performs without a time

delay after the elimination of the over-production of the
harmiul gas.
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15. The method for natural ventilation of the vehicle
interior of claim 1, wherein the air-to-fuel ratio, the APS, the
catalyst temperature, the cooling water temperature, the
LNT front end temperature, the DPF regeneration, the EGR
Duty, and the SCR {front end temperature are classified into
a production factor of the harmiul gas.
16. A vehicle, comprising:
a controller configured to perform the steps of the method
of claim 1;

an air conditioning system configured to operate 1n an
internal air mode or an exterior air mode and config-
ured to itroduce the exterior air into the interior space
by opening of a door; and
an exhaust line flowing the exhaust gas generated in an
engine with an Exhaust Gas Recirculation (EGR) gas
supplied by the EGR and comprising a catalyst remov-
ing the harmitul gas and a post-processing device,

wherein the controller 1s further configured to itroduce
the exterior air 1into the interior space 1n a condition of
the formation of an interior negative pressure and a
condition of the over-production of the harmiul gas 1n
the exhaust gas, and to mitigate the condition of the
formation of the interior negative pressure.

17. The vehicle of claim 16, wherein the door introduces
the exterior air by a 3% of total opening area.

18. The vehicle of claim 16, wherein the catalyst 1s a
Warm Up Catalytic Converter (WCC) or an Under floor
Catalytic Converter (UCC) and the post-processing device 1s
configured as an Lean NOx Trap (LNT), a Diesel Particulate
Filter (DPF), or a Selective Catalytic Reduction (SCR).
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